###### Strengths and limitations of this study

-   This proof-of-concept study will be the first live cumulative network meta-analysis (NMA) evaluating second-line treatments in advanced non-small-cell lung cancer (NSCLC) with wild-type or unknown status for epidermal growth factor receptor.

-   It will address the current gaps by providing a continuously updated panorama of the randomised evidence for all available second-line treatments in advanced NSCLC.

-   This new approach to evidence synthesis will provide physicians and patients with different levels of information to guide clinical decision-making.

-   The involvement of a research community in lung cancer will increase the clinical relevance, methodological rigour and practical feasibility of this live cumulative NMA.

-   A challenge may be the end-user acceptability of this new approach but open access to all data would allow reanalyses for the whole set or subsets of trials.

Introduction {#s1}
============

Non-small-cell lung cancer (NSCLC) represents 85% of lung cancer and remains the leading cause of cancer-related deaths worldwide.[@R1] More than 40 second-line treatments have been evaluated over the past decade and their number is continually increasing. As an example, in 2015, the US Food and Drug Administration approved two new treatments: nivolumab, an immune checkpoint inhibitor, and ramucirumab, a vascular endothelial growth factor (VEGF) inhibitor, in combination with docetaxel.[@R2] [@R3] Clinicians and patients who must take medical decisions need to know which treatments work best among all available treatments. They increasingly turn to meta-analyses (MAs) but MAs do not provide an exhaustive up-to-date synthesis of all available treatments and thus prevent from answering easily their questions of interest.

In fact, MAs assess direct comparisons between two treatments and thus focus on specific parts of the existing evidence.[@R4] We have previously shown that, when considered collectively, 29 systematic reviews of second-line treatments in advanced NSCLC published from 2001 to 2015 did not encompass the whole available randomised evidence, with more than 40% of treatments, treatment comparisons and trials missing.[@R5] There are no broad MAs encompassing all available treatments, and which treatments work the best remains unclear.

Moreover, all direct comparisons between available treatments are typically not assessed in randomised controlled trials. A solution could be provided by network meta-analysis (NMA), which allows for comparing all treatments with each other, even if randomised controlled trials are not available for some treatment comparisons.[@R6] To the best of our knowledge, such an NMA is not available for second-line treatments of advanced NSCLC. Two previous NMA have focused on small subsets of treatments (four and six treatments, respectively).[@R7] [@R8]

Another potential concern is that when MAs exist, only very few are updated. However, according to the clinical area, a MA may become quickly out-of-date. In a sample of 100 MAs indexed in American College of Physicians (ACP) Journal Club, about one-quarter were out-of-date within 2 years of publication.[@R9] In second-line treatments of advanced NSCLC, clinically important randomised evidence appears much more rapidly.[@R5]

Considering the update concern, two types of solutions have been proposed: rapid reviews and living systematic reviews. Rapid reviews streamline traditional systematic review methods in order to synthesise evidence within a shortened timeframe.[@R10] Living systematic reviews are online summaries of health research updated as new research becomes available.[@R11] Rapid updates are particularly needed in therapeutic fields such as advanced NSCLC, in which new second-line treatments emerge quickly.

To account for the need to cover all available evidence, address the lack of some treatment comparisons and to update constantly, we have proposed a new paradigm called 'live cumulative NMA'. The paradigm consists of a single systematic review and evidence synthesis (including MAs and NMAs) encompassing the whole randomised evidence for all available treatments in a specific condition and continuously updated.[@R5] [@R12]

We report the protocol of a live cumulative NMA assessing the relative efficacy and safety of all second-line treatments for advanced NSCLC in patients with wild-type or unknown status for epidermal growth factor receptor (EGFR). We present the different methodological steps and describe the crowdsourcing of a research community in lung cancer for the update process.

Methods and analysis {#s2}
====================

[Figure 1](#BMJOPEN2016011841F1){ref-type="fig"} describes the process of a live cumulative NMA of randomised controlled trials. It is initiated with a conventional NMA. Six methodological steps are then repeated at regular intervals to update the NMA over time: adaptive search for treatments and trials, crowd-sourced screening of reports and selection of trials, data extraction, assessment of risk of bias, update of the network of trials and synthesis, and finally dissemination. Here, we present the prespecified methods for the initial NMA and then the methods for iterations. These iterations will be performed by a research community in lung cancer.

![Principles of live cumulative network meta-analysis. Live cumulative network meta-analysis is initiated with an initial network meta-analysis, then six methodological steps are repeated every 4 months. Step 1 is detailed in [figure 2](#BMJOPEN2016011841F2){ref-type="fig"}. Steps 3--6 are not required if no new trial is available.](bmjopen2016011841f01){#BMJOPEN2016011841F1}

Initial NMA {#s2a}
-----------

The prespecified methods follow the recommendations of the Cochrane Comparing Multiple Interventions Methods Group[@R13] and were informed by the PRISMA extension statement for systematic reviews incorporating NMAs.[@R14] The initial NMA was registered at PROSPERO (CRD42015017592).

### Criteria for considering trials for this review {#s2a1}

#### Types of studies and participants {#s2a1a}

We will consider randomised trials in patients with advanced NSCLC with wild-type or unknown status for EGFR receiving second-line treatment. We will exclude trials focusing exclusively on patients with EGFR-activating mutation or anaplastic lymphoma kinase rearrangement, because it represents a specific minority subgroup of all advanced NSCLC.[@R15]

#### Types of interventions {#s2a1b}

We will consider any treatment for second-line of advanced NSCLC with wild-type or unknown status for EGFR. We list eligible treatments that we have identified so far in online [supplementary appendix](#SM1){ref-type="supplementary-material"} 1; we cannot predict future treatments, we will consider them for inclusion. Treatments can be categorised into: monochemotherapy; targeted therapy (eg, targeting EGFR, VEGF receptor and multitargeted tyrosine kinase inhibitors); combination of a cytotoxic chemotherapy and a targeted therapy and finally combination of two targeted therapies. Of note, targeted therapies include immunotherapies such as treatments targeting programmed death 1 (PD-1) and its ligand PD-L1. We will exclude trials assessing a combination of two cytotoxic drugs because: (1) monochemotherapy is currently the standard treatment for second-line treatment by the American Society of Clinical Oncology (ASCO) Clinical Practice Guideline;[@R16] and (2) in Di Maio MA of individual patient data which analysed six trials (847 patients), doublet chemotherapy increased response rate and progression-free survival (PFS) but was more toxic and did not improve overall survival (OS) compared with single agent.[@R17]

Trials assessing second-line treatments versus each other or placebo or best supportive care will be eligible. We will consider trials of second-line therapy and trials including both second-line and third-line therapy, because there is no clinical reason to presume that patients in third-line could not be randomised to any of the treatments (ie, with respect to the transitivity assumption).

10.1136/bmjopen-2016-011841.supp1

#### Types of outcome measures {#s2a1c}

The primary outcomes will be OS and PFS.

The secondary outcomes will be: Objective response defined as a complete response or a partial response, according to the Response Evaluation Criteria in Solid Tumors (RECIST).[@R18]Toxicity evaluated by serious adverse events (SAEs) as defined on ClinicalTrials.gov (https://clinicaltrials.gov/ct2/help/glossary/serious-adverse-event).And quality of life (QoL), whatever the scale reported in trials.

### Search methods for identification of trials {#s2a2}

We have designed an exhaustive search strategy according to high standards to identify published and unpublished trials.[@R19] We will search a range of bibliographic databases (CENTRAL, MEDLINE, EMBASE) with no restriction on language, status or year of publication (for search equations see online [supplementary appendix](#SM1){ref-type="supplementary-material"} 1). We will screen the reference lists of all selected trials and the list of trials selected in previous systematic reviews. We will also search additional sources ([figure 2](#BMJOPEN2016011841F2){ref-type="fig"}).

![Adaptive search strategy. These different sources will be searched for the initial network meta-analysis and for each iteration. A research community interested in lung cancer will identify new second-line treatments for advanced NSCLC. The search strategy (ie, specific requests for querying the different sources) will be updated over time to identify trials assessing these new treatments. We will also update this adaptive search strategy by querying new sources when they become available (eg, the OpenTrials database[@R50]). We will also consider clinical trial data sharing repositories (eg, Clinical Study Data Request or Yale University Open Data Access Project) as potential sources to identify some unpublished trials. AHRQ, Agency for Healthcare Research and Quality; ASCO, American Society of Clinical Oncology; CENTRAL, Cochrane Central Register of Controlled Trials; EU CTR, European Union Clinical Trials Register; EPAR-EMA, European Public Assessment Reports-European Medicines Agency; ESMO, European Society of Medical Oncology; FDA, Food and Drug Administration; IQWIG, Institute for Quality and Efficiency in Health Care; NICE, National Institute for Health and Care Excellence; NSCLC, non-small-cell lung cancer; WCLC, World Conference on Lung Cancer; WHO ICTRP, WHO International Clinical Trials Registry Platform.](bmjopen2016011841f02){#BMJOPEN2016011841F2}

### Selection of trials {#s2a3}

Two reviewers will independently and in duplicate examine titles and abstracts to exclude obvious irrelevant reports. They will then independently examine full-text articles to determine eligibility. Trial authors will be contacted for clarification when necessary. Disagreements will be discussed with a third reviewer. They will document the primary reasons for exclusion.

### Data extraction and management {#s2a4}

All data will be independently extracted by two reviewers using a standardised form. Disagreements will be discussed with a third reviewer. In case of several reports pertaining to the same trial, they will extract data from the different sources, compare them and in case of discrepancies, will give priority to the first available source among regulatory agency reports, results posted at ClinicalTrials.gov, full-text articles, pharmaceutical reports and conference abstracts. The authors of the trials will be contacted to provide missing data if needed.

For each trial, they will extract the study phase; single-centre or multicentre status; funding source (private, public, both or unclear); number of randomised patients; drugs, dosage, frequency and modality of administration; patient age; stage (IIIB vs IV); performance status (0--1 vs 2); history of smoking (never-smoker vs former or current smoker); proportion of patients with second-line treatment; outcome data: HRs for PFS and OS and their 95% CIs; number of patients with an objective response, number of patients with SAEs and means and SDs for QoL. They will also extract data on trial population characteristics that may act as treatment effect modifiers: gender, histology (non-squamous vs squamous), ethnicity (Asian vs Caucasian) and EGFR mutation status (wild-type vs unknown status).

### Geometry of the network {#s2a5}

We will produce diagrams to show the amount of evidence in the network of randomised trials for each outcome (OS, PFS, objective response, SAEs and QoL). Each node will be a treatment. An edge will connect two nodes when at least one trial compared the two corresponding treatments. The node size will be proportional to the number of patients randomly allocated to the corresponding treatment and the edge width to the total number of trials between the corresponding treatments.

### Assessment of risk of bias in included trials {#s2a6}

Two reviewers will assess the risk of bias by using the Cochrane Risk of Bias Tool.[@R20] Disagreements will be discussed with a third reviewer. They will separately assess blinding for objective outcomes (OS) and subjective outcomes (PFS, objective response, SAEs and QoL). Blinding of patients and care providers will be considered at 'low risk' if blinding was insured or if the outcome was unlikely to be affected by lack of blinding (OS) and at 'high risk' for subjective outcomes if blinding was lacking. Blinding of outcome assessors will be considered at 'low risk' if blinding was insured or for an objective outcome; it will be considered at 'low risk' if an independent Clinical Endpoint Adjudication Committee assessed subjective outcomes and at 'high risk' otherwise.

### Measures of treatment effect {#s2a7}

For time-to-event end points (OS, PFS), we will use HRs. When HRs are unavailable from trial reports, we will reconstruct individual survival patient data from published Kaplan-Meier curves and will estimate HRs.[@R21] For dichotomous outcomes (objective response, SAEs), we will use ORs. For continuous outcomes (QoL), standardised mean differences will be used.

### Data synthesis {#s2a8}

We will assess clinical and methodological diversity by comparing summary characteristics of trials and study populations across the different pairwise comparisons between treatments. The assumption of transitivity will be evaluated by comparing the distribution of the potential effect modifiers across different pairwise comparisons.

Two analyses will be performed: first, we will compare individual treatments with each other, and second we will compare the different categories of second-line treatments previously mentioned (monochemotherapy, targeted therapy, combination of a monochemotherapy and a targeted therapy, combination of two targeted therapies and placebo). For this second analysis, trials in which patients in the control arm receive chemotherapy (eg, docetaxel or pemetrexed) at the investigators\' discretion will be included.

We will perform pairwise and NMAs by using random-effects models with a Bayesian approach. We will estimate mean relative treatment effects as well as the associated 95% credible intervals. For NMAs, we will calculate the area under the cumulative probability curve (surface under the cumulative ranking curve) and associated credible intervals.[@R22] The statistical homogeneity of results will be assessed by Higgins and Thompson\'s I^2^ statistic and then between-trial variance estimates (τ^2^). For pairwise MA, we will estimate different heterogeneity variances for each pairwise comparison. For NMAs, we will assume a common estimate for the heterogeneity variance across the different comparisons. The magnitude of the heterogeneity parameter will be assessed by comparison with empirical distributions.[@R23] We will also assess statistical inconsistency by using state-of-the-art methods based on loop-specific and global network approaches.[@R26]

If enough trials are available, we will perform network metaregression or subgroup analyses by using the following effect modifiers as possible sources of heterogeneity and inconsistency between direct and indirect evidence: gender, histology, ethnicity and EGFR status (EGFR wild-type vs unknown).

Successive iterations to keep the NMA up-to-date {#s2b}
------------------------------------------------

In the past 5 years, about two new treatments were analysed in randomised trials of second-line treatments for advanced NSCLC every 4 months.[@R5] Therefore, we must cover the whole randomised evidence for all treatments for this condition but also keep this exhaustive synthesis up-to-date according to the pace of evidence generation.

The six methodological steps will be repeated every 4 months to keep the NMA up-to-date. We have designed these iterations and the update frequency to maintain the high-quality standards of a systematic review and to ensure that they are feasible. Although automated methods are being developed to facilitate systematic reviews, we chose to perform these iterations with manual processes as currently recommended to ensure high quality.[@R27] [@R28] Moreover, we set the update frequency after an assessment of the rhythm of randomised evidence production and the amount of work required to select trials and extract data.[@R5] For instance, we estimated that, at each iteration, the reviewers would have fewer than 400 records to screen and about 4 randomised trials to extract data from, so the anticipated workload is manageable.[@R5]

Finally, an innovative aspect will be the creation and involvement of a research community in lung cancer. The involvement of such a community would increase the clinical relevance, methodological rigour and practical feasibility of the NMA. This community will consist of different groups with different skills. In the largest group, people interested in lung cancer will be able to voluntarily report new treatments and new (planned, ongoing, completed) trials of second-line treatments for advanced NSCLC. Second, an open group of international experts in lung cancer (clinicians, triallists or members of cooperative oncology groups) will validate the methodological choices and will be involved in the screening and selection step. For instance, the group would validate selection criteria for population, treatments and outcomes. Finally, a smaller open group of researchers with expertise in systematic review methodology (risk-of-bias assessment and data extraction) and in statistical MA methods, will execute the remaining review steps. The tasks will be distributed to individuals via crowdsourcing to reduce the workload. For instance, records needed to be screened will be allocated at random among experts in lung cancer so that each record is assessed by two independent experts in duplicate.

### Adaptive search for new treatments and trials {#s2b1}

Contrary to a living systematic review that focuses on a comparison between two treatments, a live cumulative NMA covers the whole evidence for all treatments. Therefore, it needs to continuously identify new evidence for treatments already in the network of trials but also novel treatments. Indeed, several new treatments of the network are already being assessed in planned or ongoing trials, as in the Lung-MAP SWOG S1400 trial.[@R29] Novel treatments can correspond to a new single drug, a combination of a new drug and a previous drug, or a new combination of previous drugs. Thus, an adaptive search strategy will be created to continuously cover all available second-line treatments for advanced NSCLC ([figure 2](#BMJOPEN2016011841F2){ref-type="fig"}).

We have set up a website at which anyone interested in lung cancer may report new treatments assessed in randomised controlled trials (<http://livenetworkmetaanalysis.com/>). The community of experts in lung cancer will also monitor various sources to identify novel treatments and will validate treatments notified by the community of people interested in lung cancer.

The search strategy will be then updated by adding relevant keywords so that specific requests of the various sources capture randomised trials of these new treatments ([figure 2](#BMJOPEN2016011841F2){ref-type="fig"}).

As for the initial NMA, the different sources described in [figure 2](#BMJOPEN2016011841F2){ref-type="fig"} will be searched with the last updated search strategy. The search will run from the previous iteration to the current one (covering a 4-month interval) for bibliographical databases, clinical trial registries and conference proceedings. With the search equation being known for each source, a script (html extraction by automated http requests) will be used to automatically and simultaneously query the multiple sources every 4 months.[@R30] For trials identified as completed in clinical trial registries but without posted results or those identified only by a conference proceeding, some trained reviewers will contact triallists to request complete results. A personalised email will be sent with systematic reminders.[@R31]

Some experts in lung cancer will search other sources (regulatory agencies, industry trial registries and health technology assessment agencies) once a year. For those sources and some conference proceedings (eg, European Society for Medical Oncology), automated querying cannot be used, and the search will still rely on a manual process.

### Screening of reports and selection of trials {#s2b2}

We have estimated that there will be about 400 records needed to be screened every 4 months.[@R5] We will apply crowdsourcing of experts in lung cancer: we will distribute these records between experts so that each report will be screened three times. For a group of 12 experts, each will have to screen around 100 records at each iteration. For records not having been twice screened or in case of disagreements, a trained reviewer will be involved and make the final decision.

Since trials may be reported in several articles, abstracts or other reports, some trained reviewers will always check if a new trial report can be linked to a previous report of the same trial. In our previous study, we found a median of two reports for each trial, published about 12 months apart, which corresponds to three iterations.[@R5] Some of the trained reviewers will be asked to link the multiple reports together. A list of all included and excluded trials will be provided with reasons for exclusion. If at least one trial with new results is selected, the subsequent steps will be performed: data extraction, assessment of risk of bias, update of the network of trials and synthesis, and dissemination.

### Data extraction {#s2b3}

This step will be performed by two of the trained reviewers. The method for extraction will be as previously described except for results posted on ClinicalTrials.gov*.* In this case, an automatic data extraction process will be used to automatically abstract posted results from ClinicalTrials.gov.[@R32]

### Assessment of risk of bias {#s2b4}

Two of the trained reviewers will assess the risk of bias and discuss disagreements with a third reviewer. Although automated methods such as text mining can assist with risk-of-bias assessments, we opted for a manual approach, as currently recommended.[@R27] [@R28] [@R33] [@R34] Indeed, risk-of-bias assessments may rely on other sources than the published article such as protocols, whereas the automated tools rely on articles only.

### Update of the network of trials and synthesis {#s2b5}

Every 4 months, each newly identified trials will be incorporated in the network (ie, one network for each outcome (OS, PFS, objective response, SAEs and QoL)). We have estimated that two new treatments will appear every 4 months. Therefore, at each iteration, the NMA will allow for estimating all comparisons between these two new treatments and other treatments already in the network.

A common issue in NMA is the definition of nodes. In fact, treatments assessed in trials may be similar but not identical (eg, different drug administration schedules). The community of experts will be asked, via a group consensus method, if each newly identified treatment will correspond to a new node or to a pre-existing node.[@R35] [@R36] For instance, a drug administered every 3 weeks may be lumped together with the pre-existing node with administration every week. The experts will also be involved in validating changes from the protocol, including decisions about eligibility criteria (eg, Are enriched trials of patients with tumours positive for PI3KCA eligible or not?) or about subgroup analyses.[@R29]

The data will be reanalysed every 4 months. New NMAs will be performed by using a Bayesian approach. Since Bayesian inference is not affected by repeated updates, adjustment for multiple testing will not be incorporated to account for the inflated type I error.[@R37] [@R38]

### Dissemination {#s2b6}

In addition to a classical article for dissemination of the live cumulative NMA results, the findings will be disseminated via an open access website so that they can be useful for the community.[@R39] The results will be presented in terms of tables and figures, ensuring that sufficient information is presented to render the paper informative so that the live cumulative NMA becomes a useful tool to help medical decision-making with different levels of information provided. First, the amount of randomised evidence in terms of network graphs for each outcome and at each iteration how the networks of evidence evolve over time will be shown. Second, treatment effects by forest plots, league tables and reporting of treatment rankings will be presented. Third, elements to allow readers to evaluate their level of confidence in the results will be provided, such as assessments of consistency and the risk of bias. To ensure a transparent process, an open access to the protocol (and its amendments), statistical codes, the screening and selection elements (flow diagram, list of included trials, list of excluded trials with reasons for exclusion) and archives of previous iterations will be given. Finally, the characteristics and results of included trials will be detailed to allow for an evaluation of clinical diversity and transitivity. The ability to post comments and discussion will be provided.

Discussion {#s3}
==========

To the best of our knowledge, we present the first protocol for a live cumulative NMA assessing the relative efficacy and safety of all second-line treatments available for advanced NSCLC in patients with wild-type or unknown EGFR status.

We chose to update the network every 4 months considering the pace of evidence. Once the initial NMA is performed, maintaining the evidence up-to-date over time seems manageable and a reasonable investment over time as compared with the substantial cost of producing the initial synthesis. Indeed, for our previous search up to March 2015, we screened about 8000 records and extracted data for 77 trials, which required a substantial amount of researcher working time; compared with this initial NMA, each iteration would represent about 5% in terms of records needed to screen and trials to extract. Some methodological choices could be adapted during the process, such as the update frequency. One practical issue may be the need to adapt the frequency of updates over time according to the pace of evidence generation, and once some definite conclusions regarding some specific subset of treatments will be found.

The concept of live cumulative NMA allows for moving from a series of MAs (focusing on the comparison between two treatments, at risk of ignoring novel treatments, frequently out-of-date) to a cumulative network of randomised evidence updated shortly after new evidence becomes available. Beyond the question at hand, this new form of synthesis answers the real questions of interest for clinicians, patients and decision-makers. As long as this paradigm of live cumulative NMA is not adopted broadly, there is a substantial risk that randomised evidence is wasted.[@R5]

We designed this live cumulative NMA in the field of thoracic oncology as a 'proof-of-concept' study. Of note, we will document all practical issues and difficulties encountered to demonstrate that this type of synthesis is feasible. We are aware of many challenges, such as achieving the trade-off between the quality of the evidence synthesis and the time and cost required to perform it. We suggest setting up a research community interested in lung cancer with a partitioning of review tasks via online crowdsourcing to facilitate some steps of live cumulative NMAs. Automated methods are being developed and could further facilitate the conduct of multiple live cumulative NMAs.[@R30] [@R33] [@R34] [@R40]

We expect this pioneering study will open the path to implement live cumulative NMA. If the concept is proven, it could be applied to other clinical questions. Each topic would be handled by a specific community. It would allow for reducing the number of overlapping MAs and waste in research. Using crowdsourcing and crowdtiming may facilitate the commitment of volunteers and experts. For our clinical question, some participants have been identified. Readers willing to contribute can find information at <http://livenetworkmetaanalysis.com/>.
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